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Older patients with chronic myeloid leukemia face suboptimal
molecular testing and tyrosine kinase inhibitor adherence
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Key Points

• Approximately 20% of
older patients with
CML had no molecular
monitoring during the
first year of TKI therapy.

• Nearly half of the
patients had
suboptimal molecular
monitoring, which was
associated with
decreased TKI
adherence and overall
survival.
blooda_adv-2022-0
Tyrosine kinase inhibitor (TKI) use is critical in the care of patients with chronic myeloid

leukemia (CML). Quantitative polymerase chain reaction (qPCR) testing for BCR-ABL1 every

3 months during the first year of TKI treatment is recommended to assure achievement of

milestone response goals. Real-world evidence for the patterns of qPCR monitoring and TKI

adherence in the older patient population is lacking. Using the Surveillance, Epidemiology,

and End Results–Medicare database, we identified 1192 patients aged ≥66 years (median

age, 74 years) with newly diagnosed CML who were followed up for ≥13 months from TKI

initiation. In total, 965 patients (81.0%) had ≥1 test, with 425 (35.7%) and 540 (45.3%) of the

patients tested during 1, 2, and ≥3 quarters (optimal monitoring) of the first year from TKI

initiation, respectively. In multivariable analysis, diagnosis in later years and influenza

vaccination before diagnosis, a proxy for health care access, were associated with optimal

qPCR monitoring. Use of low-income subsidy and residing in census tracts with the lowest

socioeconomic status were associated with less optimal monitoring. Patients with optimal

monitoring were 60% more likely to be TKI adherent (odds ratio, 1.60; 95% CI, 1.11-2.31; P =

.01) and had improved 5-year survival (hazard ratio, 0.66; 95% CI, 0.49-0.90; P < .01) than

those without such monitoring. In this large, real-world study of CML management

patterns, many older patients had suboptimal molecular monitoring, which was associated

with decreased TKI adherence and worse survival.
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Introduction

Chronic myeloid leukemia (CML) is a disease that occurs mainly among older adults, with a median age
at diagnosis of 65 years, an incidence that increases with age, and the observation that the majority of
patients who die of CML are aged ≥75 years.1-3 The survival of patients with CML has significantly
improved with the introduction of the BCR-ABL1–directed tyrosine kinase inhibitors (TKIs), and, as
such, TKIs are considered the standard-of-care frontline treatment for patients with CML.
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Patients with CML, including those with chronic phase disease
(80% of all cases), are recommended to have quantitative poly-
merase chain reaction (qPCR) testing for BCR-ABL1 every
3 months during the first year of therapy with a BCR-ABL1–
directed TKI until major molecular remission is achieved.4 This is to
assure that the disease is sufficiently sensitive to the particular
frontline TKI chosen and to, consequently, guide the need to
consider BCR-ABL1 mutational analysis for resistance, switching
to an alternative TKI, or, in some cases, allogeneic hematopoietic
stem cell transplantation. In addition to these potentially impactful
clinical factors that the provider may evaluate, appropriate CML
management recommendations are shared with the patient.
Adherence to TKI therapies is critical to deriving their imparted
benefit(s), which in addition to achieving responses may include an
operational cure and eventual treatment-free remission with func-
tional cure.5-7

Prior evaluations of qPCR testing patterns among patients with
CML have demonstrated that between 30% and 40% of patients
have no clear evidence of molecular monitoring during the first year
of TKI therapy, and among those that do, it is not guideline
congruent.8-10 Patients with suboptimal molecular monitoring
(<3 qPCR tests during the first year) are found to have a higher risk
of progression and shorter progression-free survival.9 Furthermore,
patients having qPCR testing performed at guideline-
recommended time points during the first year have been shown
to have higher rates of TKI adherence, which itself is shown to
predict higher rates of response and progression-free survival.5-7

However, these studies mostly included younger patients
(median age, 54-62 years) who were almost exclusively treated
with imatinib.5-10 Given that CML is a disease that occurs mainly
among older adults, who encounter different threats to optimal
care, and there is a need for a more contemporary evaluation
inclusive of the currently available TKIs, we sought to study patterns
of qPCR testing among older patients in the United States using
the Surveillance, Epidemiology, and End Results (SEER)-Medicare
database.

Methods

Data source

Using the SEER-Medicare linked database, we assembled a
population-based cohort of patients with CML who initiated TKIs
after CML diagnosis. The SEER-Medicare database links patient-
level information on incident cancer diagnoses reported to the
SEER registries with a master file of Medicare enrollment and
claims for inpatient, outpatient, physician services, hospice care,
home health agencies, durable medical equipment, and prescrip-
tion drugs.11 The SEER registries are population-based, covering
~35% of the US population.11 The Yale Human Research Pro-
tection Program determined that this study did not directly involve
human subjects.

Study population

We identified older adults diagnosed with CML (international
classification of diseases for oncology, third edition codes: 9875
and 9863) between 2007 and 2017 who fulfilled the following
criteria: (1) were aged between 66 and 99 years (to avoid potential
changes in the pattern of care for patients ≥100 years12,13) at
diagnosis, (2) had continuous Medicare parts A and B coverage
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from 1 year before diagnosis to the end of follow-up (change in
Medicare status, death, or 31 December 2019, whichever came
first), (3) had Medicare part D coverage from 3 months before
diagnosis to the end of follow-up, (4) did not receive a TKI within
3 months before diagnosis, and (5) received a TKI after diagnosis.
To ensure adequate time to assess first year adherence/moni-
toring, we only included patients who were followed up for
≥13 months since TKI initiation.

TKI treatments and adherence

We used part D claims to identify treatment with TKIs (imatinib,
bosutinib, dasatinib, nilotinib, and ponatinib) during our study
period. We created a TKI admission diary within the first year after
treatment initiation. As performed in our previous study,14 if a
person had overlapping supply of more than one TKI, we assumed
the patient started to use the second TKI and discontinued the first
TKI. If a dispense coverage exceeded the end of follow-up, then the
dispense was censored at the end of follow-up date. We measured
TKI adherence among those with at least 2 TKI claims and calcu-
lated the proportion of days covered (PDC); adherence was
defined as a PDC of ≥80%.

Molecular monitoring

All dates of molecular monitoring were identified from the initiation
of first-line TKI to 1 year after the initiation of first-line TKI. We used
current procedural terminology codes to identify qPCR tests. The
earliest available date for specific current procedural terminology
codes of qPCR tests (81206, 81207, 81208, 81479, and 0040U)
was 1 January 2013. For claims before 2013, we included a group
of related procedure codes to qPCR tests (83902, 83896, 83898,
and 83900). To be considered as a separate molecular monitoring
test, the test must be at least 30 days apart from other tests. We
partitioned qPCR testing using 2 timeframes. Firstly, as suggested
in the guidelines, we assessed qPCR tests at milestones at months
3, 6, 9, and 12 (all ± 30 days to allow for slightly early or late
testing) after TKI initiation. Secondly, we evaluated whether a
patient had qPCR tests within each quarter during the 12 months
after TKI initiation. Optimal monitoring was defined as the evidence
of at least 3 milestones or quarters with qPCR testing during the
first year.

Statistical analysis

Descriptive statistics were used to summarize patient baseline
characteristics. Categorical variables were presented using fre-
quencies and percentages and compared between groups using
Pearson χ2 test. Continuous variables were summarized using
median and interquartile ranges (IQRs). Consistent with SEER-
Medicare requirement to preserve confidentiality, all categories
with ≤10 patients were reported as <11. Baseline patient char-
acteristics included age at diagnosis, sex, race, year of diagnosis,
marital status, SEER region (northeast, midwest, south, or west),
modified Elixhauser comorbidity index (described later in the
article), history of other malignancies, previous cardiovascular dis-
eases (CVDs), previous pulmonary diseases, previous CVD risk
factors (hypertension, hyperlipidemia, diabetes mellitus, or tobacco
use), low-income subsidy (a marker for reduced out-of-pocket cost
sharing and low socioeconomic status [SES]), census tract Yost
index (a proxy for neighborhood SES),15,16 and receipt of influenza
vaccination during the 12 months before CML diagnosis (an indi-
cator for access to the health care system17). The Yost score is a
11 JULY 2023 • VOLUME 7, NUMBER 13



CML patients

Age 66 - 99 years in 2007-2017
Known month of diagnosis

N = 6006

Excluded due to report from death certificate or autopsy only
(N = 153)

Excluded due to non-continous Parts A & B (N = 445)
or a member of HMO (N = 1659)

Excluded due to non-continous Parts D (N = 544)

Excluded due to receiving TKIs within 3 months before diagnosis
(N = 65)

Excluded due to never receiving TKIs during study period
(n = 701)

Excluded due to being followed less than 13 months
(N = 576)

Excluded due to only one TKI claim (N = 22)

Monitor and TKI adherence related analyses
N = 1170

Monitor pattern and survival related analyses
N = 1192

N = 1439

N = 2140

N = 2205

N = 3749

N = 5853

Figure 1. Study population and selection flowchart.
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composite index of SES, which is based on principal component
analysis from variables measuring different SES aspects, such as
education, income, and occupation of a census tract.15 High Yost
scores indicate high neighborhood SES. To assess comorbidities,
CVD, pulmonary diseases, and CVD risk factors, we used inpatient,
outpatient, and carrier claims within 12 months before CML diag-
nosis that appeared on any inpatient claims or at least 2 outpatient/
physician claims >30 days apart.18 As we created individual indi-
cators of prior CVD, pulmonary diseases, and CVD risk factors, a
modified Elixhauser score was developed by removing those
already included in the CVD and pulmonary diseases-related indi-
cators from the original Elixhauser score.18,19 The trend of adher-
ence and PDC based on the number of milestones with qPCR
tests was examined using Cochran-Armitage trend test for binary
11 JULY 2023 • VOLUME 7, NUMBER 13 MOLEC
variables and Jonckheere-Terpstra test for ordinal variables,
respectively. Multivariable logistic regression was used to assess
factors associated with optimal monitoring and TKI adherence.
Testing for the interaction between low-income subsidy and Yost
index was only significant in the model to identify factors associ-
ated with optimal monitoring; thus, we created a combined variable
of low-income subsidy and Yost index in that model. Kaplan-Meier
survival analysis was used to estimate the median survival of
patients after TKI initiation. Multivariable Cox proportional hazards
regressions were used to assess the impact of optimal monitoring
on overall survival. Because the results from using the 2 timeframes
of qPCR monitoring (ie, quarters or milestone) were similar, and
because we wanted to compare our findings with those of previ-
ously published studies on this topic,20 we presented our main
ULAR TESTING AND TKI ADHERENCE IN OLDER PATIENTS WITH CML 3215



Number of monitored quarters 0 1 2 3 4

No test
49.8%

Month 02-04 Month 05-07 Month 08-10 Month 11-13

Tested
50.2%

Tested
54.3%

Tested
54.0%

Tested
54.9%

No test
45.7%

No test
46.0%

No test
45.1%

227 (19.0%) patients had
no molecular monitoring

540 (45.3%) patients had
optimal monitoring (≥3 qPCR
tests during the 1st year after
TKI initiation)

Figure 2. Pattern of qPCR monitoring during the first

year after TKI initiation.

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/7/13/3213/2062698/blooda_adv-2022-0
results using quarterly qPCR testing. All analyses were conducted
using SAS version 9.4 (SAS Institute Inc, Cary, NC) with two-sided
tests and a type I error of 5% as the threshold for statistical
significance.

Results

We identified 1192 patients with newly diagnosed CML who
received TKIs and met our selection criteria (Figure 1). The majority
of patients were female (52.3%) and non-Hispanic White (81.5%),
with a median age at diagnosis of 74 years (IQR, 70-80 years).
The median time from diagnosis to TKI initiation was 42 days (IQR:
27-72 days), with 973 patients (81.6%) initiating TKI within
90 days of diagnosis. During the first year after TKI initiation, among
748 patients starting frontline imatinib, 17.8% switched to a sec-
ond generation TKI; furthermore, among 444 patients starting a
frontline second generation TKI, 137 (30.9%) received a subse-
quent TKI, with 89 (65.0%) switching to imatinib.
70%

60%

50%

40%
33.2%

54.7%

41.2% 41.2% 42.2%

3

58.3%59.7%
57.5% 57.3%

59.7% 59.2%
56.7%

30%

20%

10%

0%

qP
CR

 te
st%

Month 2-4

Ptrend < .01 Ptrend < .01 Ptrend < .01 Ptrend < .01

Month 5-7 Month 8-10

Months since TKI initiation
Month 11-13 O

2007-2010 2011-2014 2015-2017

3216 SHALLIS et al
Molecular monitoring patterns

During the first year after TKI initiation, 965 patients (81.0%) had a
qPCR test, with a median of 3 tests (IQR, 2-4 tests) performed.
Among patients who had ≥2 tests, the median time between 2
consecutive tests was 89 days (IQR, 63-105 days). The pattern of
qPCR testing within the first year after TKI initiation is shown in
Figure 2. A total of 425 (35.7%) and 540 (45.3%) patients had
tests during 1 or 2 and ≥3 quarters of the first year after TKI
initiation, respectively. Patients diagnosed more recently during the
study period were more likely to have optimal monitoring (Figure 3),
but even among patients diagnosed in the latest study period of
2015 to 2017, only 210 (53.2%) had optimal monitoring. Among
922 patients who did not switch to a second generation TKI during
the first year, patients receiving frontline second generation TKIs
(53.1%) were more likely to have optimal monitoring when
compared with patients treated with imatinib (40.3%; P < .01;
Figure 4).
0.4%

47.6%

53.2%

Ptrend < .01

ptimal monitoring

Figure 3. Proportion of patients with qPCR monitoring

during the first year after TKI initiation based on the year

of diagnosis.
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Figure 4. Proportion of patients with qPCR monitoring

using frontline TKI among those who did not switch

therapy within the first year after treatment initiation.
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Among patients who switched during the first year, 25.9% and
42.2% patients had a qPCR testing within 30 and 90 days before
the initiation of the second TKI, respectively. However, the pro-
portions of patients who had qPCR testing within 30 and 90 days
did not differ based on the year of diagnosis (Figure 5). Although
a similar percentage of frontline imatinib users (27.1%) and
frontline second generation TKI users (24.8%; P = .67) had a
qPCR testing within 30 days before second-line TKI initiation,
frontline imatinib users were more likely to have qPCR testing
(48.9% vs 35.8%; P = .03) within 90 days before second-line TKI
initiation.
50%
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40%

35%
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Figure 5. Proportion of patients with qPCR monitoring before TKI switching base

within the first year of treatment.
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Factors associated with optimal molecular

monitoring

When compared with less frequently monitored patients, those
with optimal monitoring were younger (P < .01), were diagnosed in
more recent years (P < .01), and had received an influenza
vaccination within 12 months preceding the diagnosis of CML
(P = .02; Table 1). Patients with optimal monitoring were less likely
to have low-income subsidy (P < .01) or reside in a neighborhood
with low SES (P = .01). In the multivariable model, the odds of
having optimal monitoring were higher among patients diagnosed
42.2%

24.3%

46.2%

44.0%

2011-2014 2015-2019

90-day before initiation second TKI

Ptrend = .12

d on the year of diagnosis and frontline TKI among those who switched TKIs
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Table 1. Characteristics of 1192 older patients with CML who

received BCR-ABL1 TKIs between 2007 and 2017

Overall

Optimal monitoring

P

No Yes

n (%) n (%) n (%)

Total 1192 652 540

Age at diagnosis (y)

66-69 281 (23.6) 137 (21.0) 144 (26.7) < .01

70-74 316 (26.5) 161 (24.7) 155 (28.7)

75-79 266 (22.3) 137 (21.0) 129 (23.9)

80-84 200 (16.8) 125 (19.2) 75 (13.9)

85-99 129 (10.8) 92 (14.1) 37 (6.9)

Sex

Female 623 (52.3) 345 (52.9) 278 (51.5) .62

Male 569 (47.7) 307 (47.1) 262 (48.5)

Race

Non-Hispanic White 967 (81.1) 518 (79.4) 449 (83.1) .10

Other 225 (18.9) 134 (20.6) 91 (16.9)

Year of diagnosis

2007-2010 289 (24.2) 201 (30.8) 88 (16.3) < .01

2011-2014 508 (42.6) 266 (40.8) 242 (44.8)

2015-2017 395 (33.1) 185 (28.4) 210 (38.9)

Marital status

Married 431 (36.2) 232 (35.6) 199 (36.9) .75

Unmarried 635 (53.3) 348 (53.4) 287 (53.1)

Unknown 126 (10.6) 72 (11.0) 54 (10.0)

Region

Northeast 475 (39.8) 250 (38.3) 225 (41.7) .70

West 126 (10.6) 71 (10.9) 55 (10.2)

Midwest 249 (20.9) 138 (21.2) 111 (20.6)

South 342 (28.7) 193 (29.6) 149 (27.6)

Modified Elixhauser

comorbidity score

0 444 (37.2) 237 (36.3) 207 (38.3) .49

1 356 (29.9) 191 (29.3) 165 (30.6)

≥2 392 (32.9) 224 (34.4) 168 (31.1)

Previous cancer diagnosis

No 848 (71.1) 467 (71.6) 381 (70.6) .68

Yes 344 (28.9) 185 (28.4) 159 (29.4)

Previous CVDs

No 846 (71.0) 462 (70.9) 384 (71.1) .92

Yes 346 (29.0) 190 (29.1) 156 (28.9)

Previous pulmonary diseases

No 1143 (95.9) 622 (95.4) 521 (96.5) .35

Yes 49 (4.1) 30 (4.6) 19 (3.5)

CVD risk factors*

No 170 (14.3) 89 (13.7) 81 (15.0) .51

Yes 1022 (85.7) 563 (86.3) 459 (85.0)

Low-income subsidy

No 798 (66.9) 402 (61.7) 396 (73.3) < .01

Yes 394 (33.1) 250 (38.3) 144 (26.7)

Table 1 (continued)

Overall

Optimal monitoring

P

No Yes

n (%) n (%) n (%)

Yost index

Fifth quintile (highest SES) 348 (29.2) 176 (27.0) 172 (31.9) .01

Fourth quintile 243 (20.4) 136 (20.9) 107 (19.8)

Third quintile 197 (16.5) 107 (16.4) 90 (16.7)

Second quintile 184 (15.4) 97 (14.9) 87 (16.1)

First quintile (lowest SES) 179 (15.0) 119 (18.3) 60 (11.1)

Unknown 41 (3.4) 17 (2.6) 24 (4.4)

Influenza vaccine within

12 mo before diagnosis

No 418 (35.1) 248 (38.0) 170 (31.5) .02

Yes 774 (64.9) 404 (62.0) 370 (68.5)

*CVD risk factors included hypertension, hyperlipidemia, diabetes mellitus, and tobacco use.
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in more recent years than those diagnosed between 2007 and
2010 (2011-2014 odds ratio [OR], 1.97; 95% confidence interval
[CI], 1.43-2.71; P < .01; whereas, 2015-2017 OR, 2.33; 95% CI,
1.66-3.27; P < .01; Table 2). Patients who received influenza
vaccination before diagnosis had 31% increased odds of being
optimally monitored than those who did not receive influenza
vaccination (OR, 1.31; 95% CI, 1.01-1.70; P = .04). When
compared with patients who did not receive a low-income subsidy
and resided in the highest SES census tracts, patients receiving a
low-income subsidy and residing in a neighborhood with the lowest
SES (OR, 0.44; 95% CI, 0.25-0.77; P < .01), or in the third quintile
of SES (OR, 0.47; 95% CI, 0.26-0.87; P = .02) were less likely to
have optimal monitoring. However, patients receiving a low-income
subsidy and residing in a neighborhood with the highest SES
were more likely to have optimal monitoring (OR, 2.02; 95% CI,
1.11-3.69; P = .02).

Molecular monitoring and TKI adherence

Among 1170 patients who had at least 2 claims for a TKI, the
median PDC was 89.9% (IQR, 75.2%-96.7%), with 817
(69.8%) adherent patients. The median PDC among patients
with qPCR tests during 0, 1 or 2, and ≥3 quarters was 84.9%,
88.8%, and 91.2%, respectively (Figure 6). Adherence was
observed among 60.6%, 67.1%, and 75.8% of patients with 0, 1
or 2, and ≥3 quarters of testing, respectively. Both PDC and
percentage of adherent patients increased with the number of
quarters with qPCR tests (both Ptrend < .01). When compared
with patients without any monitoring test during the first year,
patients with optimal qPCR monitoring were found to be more
adherent (75.8% vs 64.9%; P < .01). After adjusting for
demographic factors, SES, and comorbidities, patients with
optimal monitoring were 60% more likely to be adherent (OR,
1.60; 95% CI; 1.11-2.31; P = .01) than those who never had
qPCR testing during the first year of treatment. In addition,
patients diagnosed during more recent years (compared with
2007-2010 and 2011-2014; OR, 1.60; 95% CI, 1.15-2.22;
P = .01; whereas 2015-2017; OR, 1.54; 95% CI, 1.09-2.19;
P = .02) and received influenza vaccination within 12 months
11 JULY 2023 • VOLUME 7, NUMBER 13



Table 2. Factors associated with optimal molecular monitoring (3 or

more quarters with qPCR tests during the first year of treatment)

OR 95% CI P

Age at diagnosis (y)

66-69 1.00

70-74 0.89 0.63-1.25 .49

75-79 0.82 0.57-1.16 .26

80-84 0.53 0.36-0.79 < .01

85-99 0.31 0.19-0.50 < .01

Sex

Female 1.00

Male 0.99 0.77-1.27 .92

Race

White 1.00

Other 1.01 0.71-1.43 .97

Year of diagnosis

2007-2010 1.00

2011-2014 1.97 1.43-2.71 < .01

2015-2017 2.33 1.66-3.27 < .01

Marital status

Married 1.00

Unmarried 1.15 0.86-1.55 .34

Unknown 0.95 0.62-1.46 .83

Region

Northeast 1.00

West 0.93 0.59-1.45 .74

Midwest 1.18 0.80-1.73 .41

South 0.97 0.71-1.33 .85

Modified Elixhauser comorbidity score

0 1.00

1 0.95 0.70-1.29 .74

≥2 0.91 0.65-1.27 .58

Previous cancer diagnosis

No 1.00

Yes 1.10 0.84-1.45 .47

Previous CVDs

No 1.00

Yes 1.21 0.89-1.64 .23

Previous pulmonary diseases

No 1.00

Yes 0.78 0.41-1.49 .46

CVD risk factors*

No 1.00

Yes 0.90 0.63-1.28 .55

LIS and Yost index

No LIS and Yost fifth quintile (highest SES) 1.00

No LIS and Yost fourth quintile 1.03 0.69-1.54 .88

No LIS and Yost third quintile 1.45 0.93-2.26 .11

No LIS and Yost second quintile 1.26 0.78-2.04 .34

No LIS and Yost first quintile 0.76 0.43-1.33 .34

Table 2 (continued)

OR 95% CI P

LIS and Yost fifth quintile 2.02 1.11-3.69 .02

LIS and fourth quintile 0.78 0.45-1.36 .38

LIS and third quintile 0.47 0.26-0.87 .02

LIS and second quintile 0.72 0.41-1.28 .27

LIS and first quintile (lowest SES) 0.44 0.25-0.77 < .01

No LIS and Yost unknown 2.94 1.21-7.15 .02

LIS and Yost unknown 0.57 0.16-2.01 .38

Influenza vaccine within 12 mo before diagnosis

No 1.00

Yes 1.31 1.01-1.70 .04

All variables in the table were included in the same model simultaneously.
LIS, low-income subsidy.
*CVD risk factors included hypertension, hyperlipidemia, diabetes mellitus, and tobacco

use.
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before diagnosis (OR, 1.45; 95% CI, 1.10-1.91; P = .01) were
more likely to be adherent. However, patients who were aged
between 85 and 99 years (OR, 0.58; 95% CI, 0.36-0.94;
P = .02) were less likely to be adherent than those aged
between 66 and 69 years (Table 3).

Molecular monitoring and 5-year survival

The 5-year survival after TKI initiation was 58.6%, 69.9%, and
73.0% among patients with 0, 1 or 2, and ≥3 monitored quarters,
respectively (log-rank, P < .01; Figure 7). After adjusting for
demographic factors, SES, and comorbidities, patients with any
evidence of qPCR monitoring during the first year after TKI initiation
had a 32% decreased risk of death within 5 years after initiation
(hazard ratio [HR], 0.68; 95% CI, 0.52-0.89; P < .01; Figure 8).
Patients with 1 or 2 (HR, 0.69; 95% CI, 0.51-0.94; P = .02) and ≥3
monitored quarters (HR, 0.66; 95% CI, 0.49-0.90; P < .01) had a
lower risk of death within 5 years after TKI initiation when compared
with those without any evidence of testing. The five-year survival
improved with the number of monitored quarters (HR, 0.90;
95% CI, 0.83-0.99; P = .02).
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Table 3. Factors associated with optimal (≥80% PDC) TKI adherence

OR 95% CI P

Monitored quarters in the first year

0 1.00

1-2 1.14 0.79-1.63 .49

≥3 1.60 1.11-2.31 .01

Age at diagnosis (y)

66-69 1.00

70-74 1.16 0.79-1.70 .45

75-79 0.75 0.51-1.10 .14

80-84 0.78 0.51-1.19 .26

85-99 0.58 0.36-0.94 .03

Sex

Female 1.00

Male 1.20 0.92-1.58 .18

Race

White 1.00

Other 0.74 0.52-1.07 .11

Year of diagnosis

2007-2010 1.00

2011-2014 1.60 1.15-2.22 .01

2015-2017 1.54 1.09-2.19 .02

Marital status

Married 1.00

Unmarried 0.76 0.55-1.04 .08

Unknown 0.95 0.60-1.51 .83

Region

Northeast 1.00

West 1.05 0.64-1.72 .85

Midwest 0.63 0.42-0.95 .03

South 0.78 0.56-1.10 .15

Modified Elixhauser comorbidity score

0 1.00

1 1.00 0.72-1.40 .98

≥2 0.98 0.69-1.39 .90

Previous cancer

No 1.00

Yes 0.98 0.73-1.31 .88

Previous CVDs

No 1.00

Yes 0.88 0.64-1.22 .45

Previous pulmonary diseases

No 1.00

Yes 0.89 0.46-1.71 .73

CVD factors*

No 1.00

Yes 0.73 0.49-1.09 .13

LIS

No 1.00

Yes 1.23 0.90-1.69 .20

Table 3 (continued)

OR 95% CI P

Yost index

Fifth quintile (highest SES) 1.00

Fourth quintile 1.08 0.74-1.59 .68

Third quintile 1.42 0.93-2.17 .11

Second quintile 1.44 0.92-2.25 .11

First quintile (lowest SES) 0.90 0.57-1.42 .64

Unknown 1.02 0.47-2.20 .97

Influenza vaccine within 12 mo before

diagnosis

No 1.00

Yes 1.45 1.10-1.91 .01

All variables in the table were mutually adjusted in the model.
*CVD factors included hypertension, hyperlipidemia, diabetes mellitus, and tobacco use.
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Discussion

Using a large, contemporary, population-based cohort, we studied
the real-world practice patterns of molecular monitoring and TKI
adherence during the first year of treatment among older patients
with CML in the United States. Nearly 20% patients did not have
any qPCR testing within the study period, with only 53.2% of the
patients being properly monitored, that is, having testing during ≥3
quarters. Among patients who switched TKIs during the first year,
25.9% and 42.2% patients had a qPCR testing within 30 days and
90 days before the initiation of the second TKI, respectively.
Patients diagnosed in more recent years were more likely to have
optimal monitoring, and patients residing in the lowest SES census
tracts were less likely to have optimal monitoring. Furthermore,
patients with optimal qPCR monitoring were more TKI adherent
and had lower risk of death within 5 years when compared with
less monitored patients.

Evidence of substandard CML management, however, is not
restricted to older patients. The prospective, observational SIM-
PLICTY study evaluated practice patterns in >1200 patients with
CML diagnosed between 2010 and 2015 (median age, 56.6 years
[IQR, 46.0-67.7 years]) and found that 13% of the patients in the
United States had no molecular monitoring during the first year
after TKI initiation, irrespective of insurance status; only 47% of the
patients had ≥3 molecular tests during the first year.21 Similarly, a
retrospective cohort study demonstrated that nearly one-quarter of
patients (median age, 59 years) receiving frontline treatment in the
community between 2006 and 2010 and being followed up for
≥18 months had no evidence of molecular monitoring8; a subse-
quent analysis 1 year later showed that 13.2% patients did not
receive any qPCR test within a median follow-up of 35.9 months.9

Two prior claims-based studies found that ~36% to 41% of the
patients (median age, 54 years) had no qPCR testing during the
1-year post-TKI initiation study period, and only approximately half
of patients had optimal monitoring.10,22 A more recent analysis
using a large database of >1000 younger patients (mean age,
56.4-59.9 years) treated with a frontline TKI demonstrated that
11% patients in 2016 to 2017 and 18% patients in 2007 to 2015
did not have molecular monitoring during the first year after TKI
initiation, and only 52.7% of the patients during the latter study
11 JULY 2023 • VOLUME 7, NUMBER 13
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period had optimal monitoring.20 The median age of patients in
these studies was <60 years and less than that in our study, which
found that increasing age was negatively associated with receiving
optimal monitoring. Furthermore, we found that less than half of the
patients, especially those with second generation TKI as frontline
therapy, had qPCR testing within 90 days before the initiation of
the second TKI. Similar to the analyses by Henk et al, we did not
observe any change in testing patterns before TKI switching over
time, by year of diagnosis.20

We found that patients diagnosed during more recent years had
more guideline-recommended optimal management, which aligns
with the incorporation of qPCR monitoring for milestone response
assessment by both the European LeukemiaNet and National
Comprehensive Cancer Network in 2013.4,23 Optimal qPCR
monitoring and TKI adherence were also associated with the
receipt of an influenza vaccination in the 12 months before CML
diagnosis, which is used as a surrogate for access to the health
care system.17 The same could be said for patients with a prior
diagnosis of a non-CML malignancy, who were found to have
better adherence, because these patients were likely already
accustomed to the requirements for chronic and, in this case,
malignant disease management. We also observed that patients
who did not have a low-income subsidy were more likely than their
subsidized counterparts to have optimal molecular monitoring, a
finding corroborated previously by Shen et al in their SEER-
Medicare analysis of patients diagnosed between 2007 and
2012; during that time, nonadherent patients were burdened with a
45% higher mean out-of-pocket monthly cost when compared with
Ever tested

1-2 monitored quarte

3-4 monitored quarte

Number of monitored

Figure 8. Multivariable adjusted HRs and 95% CIs for

association between qPCR testing and 5-year overall

survival.
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adherent individuals.24 Lower financial burden associated with TKI
prescription costs has been previously shown to predict stable,
adherent behavior.25 Furthermore, lower social support has been
associated with lesser adherence, which likely contributes to the
inadequacies associated with increasing age among patients in our
cohort.25,26 Other factors may contribute to these shortfalls in
management, including TKI-attributed side effects, emotional
distress, illiteracy, or poor understanding of the implications of
suboptimal management.6,27,28

Patient-specific barriers may not be the only challenges encoun-
tered that eventually influence suboptimal molecular monitoring
and TKI adherence. The practice setting and behaviors and expe-
rience of providers may also be important.6,27,28 Patients treated at
low-volume centers were previously shown to have lower rates of
recommended molecular monitoring.29 Similarly, the SIMPLICITY
study demonstrated that patients treated by community providers
were less likely to have molecular monitoring when compared with
patients treated at academic centers.21 These data serve as a call
to action for better provider education to align real-world patient
care with that recommended by consensus guidelines and
appropriate care for a highly treatable disease.

The consequences of decreased molecular monitoring have pre-
viously been shown to be neither nominal nor benign. Prior ana-
lyses of younger patients (median age, <60 years) have shown a
greater frequency of molecular monitoring to be associated with an
increased rate of achieving major molecular remission, a lower risk
of progression to more advanced phases of CML, and improved
progression-free survival.9,29 Our study reaffirmed the impact of
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molecular monitoring on outcomes and demonstrated that 5-year
survival was negatively affected by the absence of molecular
monitoring during the first year of frontline TKI therapy. Similarly,
lesser TKI adherence has been associated with substantially lower
rate of complete cytogenetic response and molecular response.5-7

Even more impactful is the observation that <80% imatinib
adherence is associated with a 0% rate of complete molecular
response5,6; likely owing to the more frequent all-cause inpatient
admissions and more inpatient days with which these patients are
burdened, less TKI adherence has also been linked to increased
health care costs, after controlling for relevant covariates and other
likely confounders.30,31

Like other claims-based analyses, our study was subject to limita-
tions, including the lack of detailed clinical, laboratory, and patho-
logic information necessary to assess patient disease risk or phase
and to understand the reason for lack of qPCR monitoring or TKI
adherence. Furthermore, our study sample was limited to patients
with continuous Medicare fee-for-service coverage, and, conse-
quently, the results from our analyses may not be generalizable to
Medicare beneficiaries enrolled in Medicare advantage plans.
Despite these potential limitations, our study sample was large and
population-based, and we used data of a wide array of patient
characteristics, including sociodemographic factors, comorbidities,
and measures of health care access. Although we could not
confirm disease phase for patients, it is most likely that the majority
of patients (~90%) had chronic phase disease at the time of TKI
initiation and that patients with more advanced disease (eg,
accelerated or blast phase) would need to have more frequent
molecular monitoring than their chronic phase counterparts, further
accentuating the critical gap in CML care for older patients.

In conclusion, using data from a large, population-based cohort of
older patients with CML, we illustrated the contemporary, real-
world patterns of molecular monitoring and TKI adherence during
their first year of CML treatment. An unacceptable proportion of
older patients have neither guideline-recommended molecular
monitoring nor sufficient adherence to critical TKI therapy, and
ultimately, the absence of molecular monitoring negatively affects
patient survival. Interventions to improve suboptimal molecular
monitoring and TKI adherence are imperative to allow patients the
full benefits of effective CML management.
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